This article presents a comparative analysis of the evolution of national research policies during the past three decades in six European countries (Austria, Italy, France, Netherlands, Norway and Switzerland), with a special focus on the changes of public project funding schemes. It systematically uses indicators on the volume of funding attributed by each instrument and agency, which have been developed in a project of the European network of excellence PRIME. A common model is identified in these countries, where project funding is the second main channel of public funding of research, but also there are considerable variations among them in the share of instruments and agencies, and in beneficiaries. There are three interesting commonalities: a strong increase of project funding volumes; a differentiation of instruments; and a general shift towards instruments oriented to thematic priorities. They also show that individual countries appear to follow quite distinct paths in the organisation setting of funding agencies, and that national differences in funding portfolios persist through time.
N IMPORTANT DEBATE in research policy studies in recent years has concerned the existence of (and the reasons for) similarities and differences among national research policies, particularly to what extent these policies have evolved in the last few decades in a similar direction and whether national specificities are keeping their importance.
Advocates of the convergence thesis have pointed to the globalisation of the economy and research systems, which confronts national research policies with similar issues to be addressed, and the importance of imitation effects in this context (isomorphism; Powell and di Maggio, 1983 ) and the normative pressure put by international organisations such as the Organisation for Economic Co-operation and Development (OECD) on the definition of policy objectives and measures (Lemola, 2002; .
Since the 1990s, we should also consider the increasing role played by the European Union (EU) A Benedetto Lepori (corresponding author in defining the framework for a European research policy, benchmarking and proposing models for the policies of member countries, promoting cooperation among national initiatives, and through direct funding instruments such as the European Framework Programmes. This development is leading to considerable debate on future governance models for research and innovation policy in Europe (Kuhlmann, 2001) .
Other authors have rather emphasised the profound differences in national policy styles and institutional structures in individual countries and their presumed impact on actors' choices in a context where most decisions are still taken at the national level and, concerning research, most of the funding for public research organisations comes from the national state (Elzinga and Jamison, 1995) . As one of the few comparative studies on national research policy outlines, since national decision-makers are constrained by different institutional structures, they might adopt different answers to the same issues, even in a context of international interdependencies (Senker et al, 1999) .
At the empirical level, existing comparative studies display a complex pattern where similarities and imitation among countries exist for some aspects (for example, concerning the main policy rationale and some funding instruments adopted) while for others differences between countries remain very large (consider, for example, the organisation of the public administration and funding agencies; Larédo and Mustar (2001) ; ).
However, in our view, a major limitation of this debate has been the lack of systematic comparisons between countries and across time based on welldefined measures. Almost all studies have been based on a subjective evaluation of policy documents or of characteristics of funding instruments, without trying to find a measure of their relative importance. This, in our view, is problematic, since we assume that changes in policies can also be realised by modifying the weight of instruments and not just by replacing them; thus it becomes essential to measure quantitatively the magnitude of changes.
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Netherlands, Norway and Switzerland) an important component of national research policies -the organisation of public project funding. Thus, we pursue three main objectives. First, we aim to measure similarities and differences between the countries considered quantitatively, concerning the overall volume of project funding, its share in public research funding, its composition by instruments and policy and objectives and the organisational forms used to allocate these funds.
Secondly, we will reconstruct the evolution of project funding over the last three decades and look at the common trends between the considered countries and country-specific evolutions. This will allow us to test empirically a number of hypotheses present in the literature concerning the increasing share of project funding in research public funding and its shift from responsive-mode instruments to more policy-oriented instruments, which is the third objective.
To this aim, we make use of a methodology that has been developed in the EU PRIME Network of Excellence to produce comparative indicators concerning public project funding based on the measure of the volume of funds granted each year by instrument and funding agency. Thus, the paper is also an example of how science and technology indicators can be designed and used for comparative purposes.
First, we define our object of study, the methodology and the data sources, and we introduce some theoretical categories useful for the comparison. We then provide a comparison of today's project funding systems in the six countries concerned. This is followed by a quantitative look at their evolution during the last 30 years and with some indications of specific national trajectories. Finally, some general lessons are drawn for comparative studies of research policies.
Framework and research questions
In today's research policy and funding systems, project funding can be considered as the second main allocation mechanism for public research funding alongside institutional funds attributed to universities and research organisations (Millar and Senker, 2000) and, in most European countries, it covers between a quarter and a third of total public research funds. Moreover, since World War II, it has been a choice mechanism used by governments to implement research policy and thus it is believed that instruments and allocation models for project funding reflect more directly political priorities than general funds (Braun, 2003; Guston, 1996) . Hence, the relevance and the interest of studying project funding with the more general aim of understanding research policies in a comparative perspective.
A further feature making project funding suitable for comparative work is that the distinction between general and project funds is quite clear in most European countries and the borderline cases are relatively limited; in fact, the only case in our sample where a more detailed discussion was needed is France (Thèves et al, 2007b, this issue) . Thus, we are comparing a domain in research policy that can be delimited using similar criteria across countries.
Project funding: delimitation and organisation issues
We define project funding as money attributed to a group or an individual to perform a research activity limited in scope, budget and time, normally on the basis of the submission of a project proposal describing the research activities to be done. Whether the process of allocation is competitive or not is not decisive, since project funds can also be attributed through direct contracts. Thus this category includes research council projects, European framework programmes, and most technological funds and research contracts of ministries (for details on coverage, see Lepori et al, 2008) .
In organisational terms, the decisive feature of project funding (as defined here) is the existence of some kind of agency selecting the project to be funded and allocating money to a research group. Examples are: research councils, agencies managed by the scientists themselves and enjoying considerable autonomy from the state (Braun, 1998) ; services and committees inside the different ministries (Sanz et al, 2005) ; technological agencies; international organisations such as the European Space Agency (ESA); and charities. We notice that, in this domain, delegation to quasi-independent agencies is widespread (Braun, 2003; ; hence the frequent use of the principal-agent theory to analyse funding agencies (Guston, 1996; Braun and Guston, 2003) .
In many cases, funding agencies manage different instruments; this has become typical for research councils in some countries. This differentiation depends largely on multiple objectives attributed by the state to these agencies. This means also that in many cases delegation of project funding to an agency is bound by some conditions, such as programmes explicitly directed to specific research themes. The degree of autonomy of the agency might therefore vary according to the instrument considered (see Slipersaeter et al, 2007, this issue) . Also, joint management of programmes between the state and research council is present in some cases (such as the National Centres of Competence in Research in Switzerland; see ).
We assume that each funding instrument possesses its specific objectives, rules and allocation mechanisms (either explicit or to some extent tacit). In some cases, these are directly related to the norms and objectives of the agency itself -as for academic instruments for research councils -while, in the case of research programmes managed by research councils, the objectives can be described as a compromise between those of the state and the agency (Shove, 2003) .
While most of the literature in the field has concentrated on case studies concerning individual agencies and programmes (see, among others, van der Meulen, 2003; , we focus here on the comparison between countries concerning the whole portfolio of project funding. We focus on the role and characteristics of the funding agencies and on the type of funding instruments and programmes in place in each country (for example, objectives, allocation mechanisms, type of projects funded).
While qualitative comparisons are important, for example, among lists of instruments, we systematically use data on funding volumes as a proxy to measure the importance of the different instruments. Thus, we are interested in measuring and comparing across countries the mix of funding instruments and the importance of different types of agency (for example, research councils vs ministries). This requires the development of suitable categories and typologies allowing a comparison across countries.
Historical evolution and patterns of change
Like research policies, funding systems evolve over time and there is a large body of (essentially qualitative) literature on the subject. At a general level, this literature identifies two main changes: a shift in the delegation modes of funding allocation from blind delegation to the scientific community, to the research councils, to more responsive modes where the state sets more specific targets (for example, concerning priority domains or research structures (Braun, 2003; Potì and Reale, 2007, this issue) ; and a shift in the general objectives from support to academic science to support to research oriented to social and economic needs, linked to the evolution of the overall models of research policy from 'science push' to policies oriented to social relevance and later to economic innovation (Brooks, 1986; Elzinga and Jamison, 1995; Guston, 2000) .
Concerning project funding, it is normally assumed that the share of project funding has increased at least since the beginning of the 1980s (Geuna, 2001; OECD, 2003) . Moreover, it is assumed that these trends implied a shift from reactive instruments funding academic research, to instruments where the research subjects or domains are predefined by the state, possibly in co-operation with the economy. Thus, we witness the emergence of programmes oriented to socio-political needs in the 1970s (Research Applied to National Needs (RANN) in the USA, National Research Programmes in the Netherlands and in Switzerland) and of technology programmes in the 1980s, including the launch of the European Framework programmes (Caracostas and Muldur, 2001) .
Also, changes have been documented in the agencies managing project funding: research ministries acquiring a role in project funding in some countries (Italy, Germany); the emergence of the EU as a major player in project funding; and changes in the role and organisation of research councils in many countries (van der Meulen, 2003; Godin et al, 1999) . It is generally acknowledged that the 'new' funding instruments have been created alongside the existing ones, rather replacing them (Braun, 2003) and thus that, generally, different 'funding styles' might coexist in research policy (Benner and Sandström, 2000) .
However, there are two major limitations of these studies. First, most of them are based on the analysis of an individual case at country or even agency level and thus the possibility of generalising them has to be carefully discussed. Secondly, concerning project funding there is a remarkable lack of quantitative indicators and thus theses such as the increase of the share across time cannot easily be verified empirically (Lepori, 2006a; Lepori et al, 2008) ; for instance, we do not have any comparable information concerning the quantitative importance of this mode of allocation between countries. This is a major problem especially for historical analysis.
In this context, our objective will be to provide fairly comprehensive descriptions of project funding systems in the six countries considered for the last three decades (focusing on the years 1970, 1980, 1990, 2002) and to complete them with data on the funding volume for each instrument. This will allow us to examine empirically both the evolution of project funding volume and its composition by agencies and instruments and to look quantitatively at common trends and national specificities.
National and multi-level embeddedness
Institutional embeddedness is a classical argument in organisational analysis and socio-economics (Granovetter 1985; Hollingsworth 2002a) . In its widest sense, it refers to the fact that actors are embedded in complex institutional environments that not only constrain, but largely shape, them and thus generate regularities of actors and actor's behaviour at the macro-level (Hollingsworth, 2002a) . It is important to distinguish between types of institutional arrangement, such as social norms and rules, that
We are interested in measuring and comparing across countries the mix of funding instruments and the importance of different types of agency: this requires the development of suitable categories and typologies allowing a comparison across countries characterise societies as a whole and display the highest level of stability, and general co-ordination mechanisms of a society such as markets and state and institutional arrangements specific to a domain, fro instance, the design of research policy and its organisational structure . For our discussion, this implies that the behaviour of actors in research policy is influenced also by institutional arrangements outside this domain; these are likely to be society or country-specific, so it is not possible to compare research policies without considering also the wider societal framework in which these policies are embedded and its differences across countries.
Moreover, in modern society, institutional embeddedness is intrinsically multi-level, in the sense that institutional arrangements at different spatial levels -global, macro-regional, country, regional and so on -are intertwined in a complex way (Hollingsworth, 2002b) . Thus, some of the institutional arrangements relevant for research policy can be assumed to be largely global, such as the economy in high-tech domains or scientific and technological developments in many areas of natural and technical sciences or rationales and norms of research policy diffused by the OECD. Others are situated at the European level, for instance, some economic regulations, the general political and normative framework of the European Research and Higher Education Area and funding programmes such as the European Framework Programmes. Some very relevant arrangements for research policy are clearly national, including the organisation of the political system and of the public research system (Kuhlmann, 2001) .
Therefore, we must assume that the behaviour of actors in research policy is influenced at the same time by country-level and by wider-level institutional arrangements. Moreover, the importance of these institutional levels varies among the types of actors considered. For example, it is well-known that large multinational companies tend to develop global research strategies (Kuhlmann, 2001; Meyer-Kramer and Reger, 1999) , while at least in the European context the frame of reference for public research organisations is still largely national.
In this context, we assume that an explanation of the similarities and differences among countries concerning public project funding cannot focus only on a single institutional arrangement, for example, international policy rationales or national political organisation. Rather it has to take into account this multiple embededdness in different realms of social life and in different institutional levels (international, European, national).
Path dependency and evolution of research policies
Path dependency is a general argument that has been widely used in the study of economic and technological development (North, 1990; Arthur, 1994) in political science (Pierson 2000) and in historical sociology (Mahoney 2000) . In its broadest sense, it means that today's configuration of a system depends on its history and thus cannot be understood by looking at today's state only. In a narrower sense, path dependency has been used for the "historical sequences process in which contingent events set into motion institutional patterns or event chains that have deterministic properties" (Mahoney, 2000) . This means that, while the initial events are largely unpredictable for their singular nature, they select a specific path that is stable and separated from alternatives routes that might have been taken.
In the analysis of technological innovation, the rationale for path dependency has been sought in increasing returns and in the irreversibility of technological investments, which imply high switching costs, even if the chosen alternative is not necessarily the most efficient one in the long run (David, 1985; Dosi, 1982; Arthur, 1994) . Similar arguments have been put forward in institutional analysis to explain, for example, path dependency in economic organisation of countries (North, 1990) and, in general, in political life (Pierson, 2000) . We notice that these arguments go beyond the classical claim for institutional stability (Hollingsworth, 2002a; Scott, 2001 ), since they imply also that the future evolution of the system is largely determined by its history.
This argument raises a number of issues of interest for our analysis. These concern first the degree of stability of existing institutional arrangements and differences in this respect among countries, according to, for example, the organisation of their political systems or their history (including rupture events such as wars or changes of regime). For instance, our sample includes countries that have undergone a change of political regime during the last century, such as France and Italy, and countries, such as Switzerland, keeping basically the same political structure.
Secondly, there is the possibility of stable institutional arrangements that orient national research policies and funding systems over a long period of time and keep them different from other countries, even if faced with similar external pressures. For example, long-term work on the German innovation systems shows a high degree of stability of its technological specialisation since the 19th century (Grupp et al, 2004; Dominguez Lacasa et al, 2003) and thus gives some evidence that components of the national innovation system might be so stable as to survive major historical changes. Correspondingly, we are interested in the conditions and occurrences of ruptures and the conditions and mechanisms that enable actors to 'break the path' and to push research policy in a new trajectory (possibly by making use of hidden alternatives or by transferring experiences from other countries (Crouch and Farrell, 2004) ).
Finally, there is the importance of the initial structuration phase of new organisational fields -in our case of national research policies and public funding systems -where it is reasonable to expect that actors had more freedom to shape institutional settings and their effects on today's systems. This subject has been examined repeatedly in other domains such as education or healthcare (Meyer et al, 1988; di Maggio, 1991; Scott et al, 2000) , but quite rarely in research policies for the lack of suitable comparative information.
While in this paper we provide some quantitative information comparing the evolution of project funding in the considered countries, many of these issues will also be discussed more in-depth in the following papers (see Slipersaeter et al, 2007; Potì and Reale, 2007; Thèves et al, 2007b : all this issue).
Methodology and data sources
Even if, in institutional and organisational terms, project funding appears to be relatively well-defined, the collection of comparable data proved to be a complex exercise. Our approach was based on the production of national lists of instruments to be included and on the collection from the funding agencies themselves of data on the amount allocated each year. Moreover, for each of the six countries involved, a detailed report has been produced, containing qualitative descriptions of research funding systems, standard description of funding instruments and, finally, charts of flows for the years 1970 years , 1980 years , 1990 years and 2002 years (Dinges, 2005 Lepori, 2005; Potì and Reale, 2005a; Slipersaeter, 2007; Thèves et al, 2007a; van den Besselaar et al, 2007) . The reader should refer to Lepori et al, 2007 for a detailed discussion of methodological choices and problems which emerged.
The main difficulties in this work have been the definition of a comparable list of instruments, the calculation of amounts in some cases (for example European funding) and, most of all, the reconstruction of time series. We have adopted a broad approach, extending the scope of project funding beyond individual grants and projects to include also more long-term schemes such as centres of excellence if allocated competitively and for a limited period of time (for example eight to ten years).
Moreover, we have included also technological development programmes even if to some extent they probably finance also activities outside R&D (as in the case of European Space Agency). In the Dutch case, we also included charities, which are a significant source of project funds in the medical sector. A further major issue has been the definition of categories for the comparative analysis concerning agencies and instruments; the classification we present proved to be more or less usable, but the reader should be aware that not all instruments fit very well into the defined categories.
The only country where the basic categories proved not to be fully usable was France, where a large part of public funds is allocated through the CNRS (Centre National de la Recherche Scientifique) to the joint CNRS/universities laboratories. These funds present some characteristics similar to project funding since they contain a competitive element through the labelling of the laboratories, but they display some very important differences (primarily, allocation is given in the form of CNRS personnel rather than of money). We thus provide two sets of data for France, including and excluding these funds and a detailed discussion in a separate paper in this issue (Thèves et al, 2007b, this issue) .
The methodology has proved to be usable for constructing time series over the last 30 years, since it has been possible to retrieve data on the funding volume for most instruments. However, as for most long-term time series (Grupp et al, 2004; Dominguez Lacasa et al, 2003) , we were faced with a number of consistency problems, including: validating older data (since we make heavy use of non-statistical sources); identifying the existing instruments; and, most of all, classifying correctly the instruments, since some of them might have changed their rules over time.
Also, since project funding data were not systematically collected in the past, we observed wide variations across time in the quality and detail of the available data. For example, in Norway, quite detailed data exist on Government funding for a tenyear period in the 1970s/1980s, but this series stops later. In Switzerland, project funding data have been systematically collected for the years from 1988 to 1999 by the Swiss Science Council, but later data have to be compiled from different sources.
For the Netherlands, reliable data on project funding are available only from 1975 onwards. From 2000, data on project funding become extremely complex, because of new funding instruments that combine different types of funding (institutional, project and private) and that are not clearly administered in the national budgets.
These changes in data sources and availability might well impact on the reconstructed series. Thus, while we believe that the analysis that follows correctly depicts the main trends, the reader should be aware that these data cannot be used for further analysis without validation and cross-checking with other information.
Project funding appears to be relatively well-defined but the collection of comparable data proved to be complex: the main difficulties were in the definition of a comparable list of instruments, the calculation of amounts in some cases and, most of all, the reconstruction of time series
Public project funding: a comparative view
In this section, we compare the organisation of project funding for the six countries participating in the project for the baseline year 2002. These countries are not fully representative of the European situation, especially because they do not include countries such as Germany and the UK, but they do represent an interesting sample covering most of western Europe. Table 1 shows some data on the overall level of project funding compared to the total government budgetary appropriations or outlays for R&D (GBAORD) (OECD, 2002) and to gross domestic product (GDP). For France, we provide two different figures, including and excluding the CNRS allocation to joint laboratories (Thèves et al, 2007b, this issue) .
Overall, the differences among the countries are more gradual than fundamental: in all, the examined countries project funding plays a significant role in public research funding, but in none of them does it appear to be the dominant mode of allocation of resources; this is even though we are considering quite different countries in terms of their size, organisation of the research system and science productivity indicators. We are identifying here a regularity that seems to characterise European countries and differentiates them from the US situation, where institutional funds account for only about 20% of the R&D funding in academic institutions (National Science Foundation, 2003) .
Organisation and funding instruments
When we analyse the portfolio of funding instruments, the managing agencies and the categories of beneficiaries, the differences among the countries emerge more clearly.
Role of managing agencies
For the managing agencies, we used a simple classification between national government administration (ministries and programme committees inside the different ministries), intermediary agencies with high autonomy from the state (research councils, but also some technological agencies and charities) and international organisations, including the European Union and the European Space Agency. We notice that some borderline cases exist, for example, concerning innovation agencies, where it is not always clear whether to classify them as intermediaries or as committees in the economic ministries.
The pattern we see in Figure 1 is of very strong differences among countries in the organisational structures and role of agencies. In Italy, intermediaries are practically absent and project funding is managed directly by the research ministry (Potì and Reale, 2005b) , a situation that seems also to characterise other Mediterranean countries such as Spain and Portugal (Sanz et al, 2005) .
Four countries have research councils, but with different roles and quantitative importance. Two of them (Austria and Switzerland) have maintained most features of the academic-driven model essentially providing funding in responsive mode, while, since its merger in the 1990s, the Research Council of Norway has been transformed into a multipurpose funding agency with a larger palette of instruments, including some devoted to technological innovation (Slipersaeter et al, 2007, this issue) . The Dutch Research Council seems to represent an intermediary case, with responsive mode alongside thematic programmes.
A large independent innovation agency exists in Austria. There is a large agency for innovation policy in the Netherlands, and a smaller one in Switzerland, but these are not autonomous. In this paper, the instruments it manages are accounted as governmental project funding. Accordingly, the role of project funding managed by the ministries varies: it is dominant in Italy and important in Norway, Netherlands and France, while it is more limited in Switzerland and Austria.
Finally, in France, intermediary funding agencies stricto sensu play a rather limited role (with the exception of the space sector), while most project funding is managed by the ministries, but the CNRS takes some of their functions using a very specific funding model for joint laboratories through allocation of human resources (see Thèves et al, 2007b, this issue) .
Instrument types
The mapping and classification of instrument types proved to be more difficult because of their multidimensionality and because a number of instruments are, at the level of aggregation considered here, rather heterogeneous. We resorted to a classification distinguishing two specific casesacademic-oriented instruments mostly in responsive mode and innovation-oriented instruments -alongside a more heterogeneous set of instruments where themes are defined from the beginning. The first relevant remark is that practically all cases in Table 2 are filled, except for the space domain, which small countries have delegated almost completely to the European Space Agency. Thus, the small size of a country appears to matter, since it favours the delegation of domains requiring largescale facilities, such as space, nuclear energy, particle physics, to international organisations. With this exception, the countries examined have developed similar policy mixes, where the production of basic knowledge, social relevance and economic innovation are promoted through specific instruments. We could then speak of a 'composite policy model' trying to find a balance among the different rationales for public support to research. When considering the quantitative importance of the instrument types, more significant differences among countries emerge (see Figure 2 ). For example, even excluding the very specific French case, the share of academic instruments varies from more than 40% for Switzerland to little more than 20% for Austria, Italy and Norway. Innovation-oriented instruments account for 40% of the total in Austria, 20% in Italy, 17% in Norway, but less than 10% in France and Switzerland. Some national specificities emerge, for instance, the very strong role of space research in France and the use of thematic national programmes in Norway.
Thus, while the ingredients of project funding are largely the same, the weight given to the different components seems to depend largely on countryspecific factors. We notice that this classification is related to the labelling of instruments and to policy intentions, but not necessarily to the research performed; for example, thematic national programmes in Norway and Switzerland can partly function as an academic instrument even if the overall structuring principle is thematic. Thus, while we believe that national differences are real, their exact importance might well depend on the classification scheme used (see also Potì and Reale, 2007, 
this issue).
Shares of beneficiaries A further important aspect is to look at beneficiaries and, especially, the relative share of funds received by public vs private performers ( Figure ) .
In this case also, differences are rather large, since the share of project funds to private companies ranges between 19% in Switzerland (being mostly international funds) and 55% in Italy. In this respect, national specificities appear to be the most important explaining factor. Thus, Switzerland has a research For France, higher education also includes PRO since no separation is possible policy model that assumes that the state should not directly finance industrial R&D; this model has survived strong pressure from the OECD during the 1980s (Lepori, 2006a) . On the other hand, in the Italian case, project funding has been a choice instrument to support private research activities in a context in which private investments are much lower than in other countries. Norway is also a very specific case, since there is a large sector composed of research institutes, mostly oriented towards applied research; about half the research performed is for industry-relevant purposes, financed by industry and is included in the private sector in the R&D statistics. This goes a long way to explaining the low share of the private sector in our data, since we consider the research institutes separately. The Netherlands displays a clear separation, with the universities receiving project funding essentially from the Research Council and a large number of missionoriented research institutes mostly funded by ministries through specific programmes. The relatively high level of "undivided" refers to the growing support for schemes for university-industry-public research organisation (PRO) collaborations.
France is a case for strong direct support to the private sector, both in absolute and relative terms; in fact, France has a tradition of direct support to public companies through large technological programmes, which have been progressively replaced in the last two decades by project funding instruments (Mustar and Larédo, 2002; Thèves et al, 2007b, this issue) . Hence, we can conclude that national specificities, both in the overall model concerning public intervention in the private economy (for example the 'colbertist' model in France or the liberal model in Switzerland) and specificities of the national research systems are stronger than international tendencies in determining the degree of support for private research. Table 3 summarises some of the main features of the project funding model in the countries considered.
A summary view and some conclusions
In our view, these results support an interpretation based on the combination of two main components. First, we find a set of rationales, policy models and instruments specific to research policy that is largely the same for all countries considered. This includes: the use of project funding as the second channel for allocation of public research funding, thus it has a significant share, but is not the predominant mode of allocation; the identification of three major rationales for the allocation of funds (the development of scientific knowledge, the resolution of social and political problems and economic development); and the set-up of the corresponding instruments (with many similarities among countries in their labelling, but also in their organisation). However, the choice of the mix concerning objectives, instruments and beneficiaries depends to a large extent on national specificities, for example, concerning the degree of the intervention of the state to support private research. Thus, inside the space defined by the (internationally accepted) model of research policy, each country is able to define its own profile.
Finally, the organisational structure for the allocation of project funding appears to be completely specific to each country and, as we shall see later, is largely dependent on the history. Thus, even in our limited sample we find countries with an academicoriented research council (Switzerland and Austria) alongside an innovation agency, countries with a generalist research council (Norway) and a case where project funding is managed directly by the ministry (Italy), a country with both a strong academic council and a strong innovation-oriented ministry (Netherlands), not to speak of the very specific French model with the CNRS taking on some of the functions of a funding agency.
International tendencies, national trajectories
The available data allow a reconstruction of the main changes in the project funding during the last 30 years in the six countries considered. We follow the same procedure as in the previous section, by first looking at changes in the overall level, then the portfolio of instruments and the managing agencies and, finally, we draw some general conclusions and we look at the main change events during this period. The reader should be aware that the quality of the historical data is not always as good as for more recent years and thus some care is needed in the interpretation of the results.
Level of project funding
All countries considered show a considerable increase in the volume of project funding over the last 30 years, but with some differences among them. In Figure 4 , we present the evolution both in absolute terms (using GDP deflators) and as a percentage of GDP; this last is the simplest relative measure, since time series of total public funding of research (measured as gross expenditure on research and The choice of the mix of objectives, instruments and beneficiaries depends to a large extent on national specificities: thus, inside the space defined by the internationally accepted model of research policy, each country is able to define its own profile development by government (GERD GOV) in the R&D statistics) are not very reliable over such a long period (Lepori, 2006b) . These data show an overall strong increase in the volume of project funding, both real and measured as a percentage of GDP. Since there is some evidence that public research funding did not strongly increase during these 30 years as a percentage of GDP, we can assume that the trend of increasing share of project funding is robust. In our sample, we can, however, identify different tendencies. In 1970, Norway and Switzerland had a significantly higher level of project funding (as a percentage of GDP) than the other countries; this can probably be related to the strength of the research councils system already created in the early post-war period (1952 for the Swiss National Science Foundation (Lepori, 2006a) ; between 1946 and 1949 for the Norwegian Research Councils (Skoie, 2000) ).
In Austria, the main funding agencies (the Austrian Science Fund and the Austrian Innovation Agency) were established in 1967, while the main managing agency in the Italian case (the Ministry of Education and Research) was created only in the 1970s, and clearly the building up of a project funding system took place only from then. According to some available data, it seems that a similar evolution took place in Spain and Portugal during the 1980s and the 1990s (Sanz et al, 2005) . Finally, in the French case, only the reforms at the beginning of the 1990s substantially modified a system based on institutional funding of public research through CNRS and joint technological programmes with public companies, to a system with a more important component of project funding (Thèves et al, 2007a) .
Diversification of instruments
A general trend across countries has been a strong increase in the number of project funding instruments starting generally in the 1970s. This is displayed by an increase in the overall number of instruments (as shown by all country reports), but also in the number of significant instruments. In Figure 5 , we measured this development by counting the number of instruments covering more than 5% of the total project funding volume.
Even if the data are to some extent problematic, the overall trend is robust: while in 1970 in most countries there were only two to three instruments covering more than 5% of the total funding volume, in 2002 this number was of eight to nine in most countries. The Dutch case shows a very high fragmentation, but this is largely because of a stronger disaggregation of the available data and structure (for example, with specific sectoral programmes for academic research).
Looking at the new instruments, there have been two dominant catalysts of this differentiation: the emergence of more specialised funds to answer to specific needs, either to promote specific research domains (such as technology, agriculture or health) or to answer to policy needs (especially for industry support and innovation) and the creation of European funding instruments. The main development model has thus been the addition of new instruments either to answer to new policy needs or as an effect of the emergence of new actors at the international level.
We notice that this process has been enabled by the strong increase in the overall volume of project funding, where additional funds have been provided for new instruments, while at the same time the budget of existing instruments increased.
Changes in the portfolio
Changes in the portfolio are also a major point of interest, since the shifts in policy rationales are well documented in the literature on research policy (Elzinga and Jamison, 1995; Guston, 2000) . Our methodology allows some quantitative comparisons to be made over the last 30 years, even with the limitation that we disregard for the moment changes in the objectives and allocation criteria inside the same instruments (see Potì and Reale (2007, this issue) for a more detailed discussion). Figures 6 and 7 show the share of academic-oriented instruments and, jointly, the share of thematic instruments.
The figures show a common trend for the countries for which we have data, namely a strong increase of thematic instruments replacing progressively the academic instruments (even if, in real terms, these instruments have also continued to increase) in the portfolio. This confirms quantitatively the trend identified in the literature on research policy.
However, we notice also that the different countries move largely on parallel trajectories, where the differences between them do not decrease and, finally, end up in quite different positions in the diagram. Thus, given the composite nature of research policies and research funding systems, the existence of similar trends across countries is compatible with keeping strong national specificities. In a sense, we argue that the composite model has proved flexible enough to respond to general tendencies of research policy (largely defined internationally) and at the same time to take national specificities into account.
A final remark concerns the fact that most of this change occurred in the 1970s and 1980s, while the 1990s have been characterised by greater stability or, even, by an increase in the share of academic instruments, a turn that is, for example, well-documented in the Swiss case (Lepori, 2006a) . For the moment, it is not fully clear to what extent this has to be seen as a new policy shift back to the support of basic research (as initiatives such as the creation of a European research council could indicate) and whether this shift will be durable, but the last decade clearly did not continue the trend towards the 'useful science' of the 1970s and of the 1980s.
Stability and change in the managing authorities
A look at the managing agencies displays a complex pattern, where not only national specificities are largely prevalent, but also each country seems to follow quite different paths.
Thus, in Switzerland, the SNF (the Swiss National Science Foundation) constructed its monopoly on project funding during the 1960s and to a large extent kept its role until today, still accounting for twothirds of the total volume of project funding at the national level. Actually, the SNF felt a strong pressure to change its structures and priorities during the 1970s, but succeeded in avoiding major changes or Netherlands, 1970 Netherlands, refers to 1975 Italy, 1970 Italy, refers to 1971 France, 1980 France, refers to 1982 Comparing the evolution of national research policies
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July 2007 385 the creation of competing agencies by accepting to manage jointly with the public administration some policy-oriented and, later, technology-oriented programmes (Lepori, 2006a) . However, these programmes never took a large share in its funding volume and the SNF avoided a major reorganisation and change of its objectives; its original academic orientation was reinforced with the revision of the statutes in 2000, excluding political representatives from its main decision-making body (Slipersaeter et al, 2007, this issue) .
In Austria, the two funding agencies created in 1967 still largely keep their role and organisation and dominate project funding. Thus, the Austrian Science Fund maintains its role as funder of academic bottom-up projects with limited organisational change and, while other instruments have been launched, in 2002, individual research projects still accounted for three-quarters of total funding volume. Bottom-up project funding has also remained the dominant funding instrument for the industry sector throughout the last three decades and the Austrian Research Promotion Agency created in 2004 kept the former FFF industrial research grant scheme as the main pillar of the programme portfolio.
However, since the mid-1980s, alternative research and innovation promotion schemes different from bottom-up project funding have been introduced, for instance, the Kplus competence centres programme (launched in 1998) and the Christian Doppler Laboratories (since 1989) target science and industry co-operations in a new institutional manner. Furthermore, thematic targeted research programmes have been launched by ministries addressing specific issues such as genomics research, and the information society. Thus, rigidity of the funding agencies was overcome with an increase in the thematic programmes directly managed by the ministries.
In Norway, the situation was characterised by four or five research councils during the 1970s and 1980s before a major restructuring in 1993 (Slipersaeter et al, 2007, this issue) . The two main research councils, The Norwegian Research Council for Science and the Humanities (NAVF), which mainly served academic research within all domains, and The Royal Norwegian Council for Scientific and Industrial Research (NTNF), mainly serving innovation and industry-relevant research, were both established in the early post-war period. So was a smaller specialised council for agricultural research. In 1972, came a specialised council for research related to fisheries, while another for applied social research was established in 1987 (Skoie, 2000) .
In 1993, the former councils were merged into The Research Council of Norway, which was given the responsibility for a very large portfolio of instruments, targeting the full spectrum of disciplines as well as applied research and innovation. The portfolio of instruments reflects the broad responsibility, as the council maintains traditional projects and grants as well as centres of excellence, centres of innovation and large programmes for industrial research. Thus, the Norwegian case is unique in the European context for the degree of centralisation of project funding and for the depth of the reform during the 1990s (see Skoie (2000) for a detailed account).
The Italian situation is different in that Italy never possessed a strong research council; even at the beginning of the 1970s, with a very low level of project funding, the CNR (the Italian National Research Council) was not dominant and, actually, its funding agency role was always secondary with respect to its main role as a public research organisation (Potì and Reale, 2005b) . Thus project funding was from the beginning developed inside the Ministry of University and Research through the creation of expert committees. At the same time, the Italian case has been characterised by a stronger instability concerning the funding volume and instruments, which have been repeatedly modified.
In the Netherlands, in the 1970s, project funding was managed mainly by the Research Council in a responsive mode. In the early 1990s NWO (Netherlands Organisation for Scientific Research) was reorganised into a more proactive council that had to manage thematic programmes as well. Since then, it has developed a range of funding instruments, especially different forms of programmatic funding and career support grants. The other main authority of project funds is the Ministry of Economic Affairs, which has a non-autonomous agency (SENTER/ NOVEM) for managing the range of innovation instruments. The project funds cover a range of different types of instrument, of which some are generic and others thematic, and that may address either academic research, public research institutes or firms or aim to create collaborative projects.
France has followed a complex path from a system dominated by a very large PRO -CNRStowards a system more similar in the organisation of the research system and in the allocation of funding to the other European countries. However, this has been done, not by the creation of new agencies, but by a progressive reshaping of the existing structures and allocation mechanisms, with the model of the joint laboratories between university and CNRS from one side, and with an allocation model for CNRS funds through the (competitive) labelling of the joint laboratories and the allocation to them of human resources rather than funds (Thèves et al, 2007b, this issue) . The resulting model is a mix between the features of the allocation model based on project funding on one hand and (historicallyrelated) national specificities on the other.
A major common tendency in these countries has been the emergence of international agencies -the European Space Agency and later the European Union -as major players also in quantitative terms. As Figure 8 shows, their share in project funding is between 15% and 20% for large European countries and even more for small countries (with the exception of lower rates in Norway). If we consider future developments, such as the creation of a European Research Council, which will also enter into the funding of academic research (Dinges and Lepori, 2006) , as well as the continuous increase of the EU Framework Programmes budget, it is not unlikely that, in the medium term, the European level will become more important for project funding than the national level. Clearly, this would represent a major structural change in research funding allocation.
Conclusions
Coming back to our research questions, the main outcome of this analysis is the display of a complex pattern of similarities and of differences among the countries considered. Thus, looking at today's level and organisation of project funding, we could say that all the countries considered in our sample have evolved during the last few decades towards a model in which project funding is the second major allocation mechanism for public research funding, accounting for between a quarter and a third of the total funding volume (even more in the Norwegian case), and in which basically there is a composite mix of policy objectives and instruments. We also find a number of similarities in the instruments used, such as centres of excellence, large programmes within the fields of information technology, genetics, nano-tech and so on that most countries seem to maintain.
However, this composite model leaves room for national specificities concerning the share of the different instrument types, as well as for maintaining instruments reflecting national needs and production, as in the case of Norway fisheries, oil and gas, polar environments, or, in the case of France, space research. Moreover, there are strong differences in the orientation towards different beneficiary groups, from 70% of project funding going to the highereducation sector in Switzerland, to more than 50% to the private companies in Italy, which seem to be explained by the orientation of national policies, but also by the diversity in the organisation of the research systems.
National specificities are definitely strongest for the managing structures, where each of the countries considered is an individual case, with its own specific organisation that can be explained largely by characteristics of the national political systems and by history. Thus, different organisational models are compatible with the overall policy rationale for project funding at international level. This includes, for example, the choice between creating independent agencies and managing project funding through ministries, or between having specialised agencies such as the Swiss National Science Foundation and a generalist research council as in Norway. The choice of the organisational model is likely to have an influence on allocation of funds, for example, according to our data, the presence of a research council tends to increase the share of academic instruments.
We consider that it was exactly the fuzziness of concepts, such as project funding, funding agency, policy-oriented instruments, and the acceptance that national interpretations of these concepts are legitimate, that made it possible to adopt them as an overall policy rationale shared among different countries, but accommodating, at the same time, national specificities in their implementation. It is sufficient to think of how the concept of a funding agency has A major common tendency in these countries has been the emergence of international agencies, the European Space Agency and the European Union, as major players also in quantitative terms: their share in project funding is between 15 and 20% for large European countries and even more for small countries (except for Norway)
been stretched to include CNRS funding of joint laboratories in France. In a sense, in the context of quite different national systems, a concept cannot be too precise and well-defined (especially in operational terms) if it wants to be adopted as a general policy framework across countries. Secondly, if we look to the evolution during the last three decades, we can identify some common tendencies: the overall increase of the share of project funding in overall public funding; a large increase in the number of instruments; the emergence of European agencies; and a general shift from responsive mode to instruments where thematic priorities are defined from the beginning (with, however, a reversal of this trend in the late 1990s). However, this does not imply that national differences disappear, but individual countries largely keep a distinct profile exactly because the prevailing model is flexible enough to accommodate for national specificities.
This fact is particularly evident concerning the funding agencies, where each country essentially followed an evolutionary path based on the reshaping of existing managing structures and, to some extent, on the addition of new instruments alongside the existing ones. Thus, organisations like research councils display a high degree of resilience in face of a changing environment, but this does not exclude profound changes and restructuring.
In our sample, both cases of institutional reforms are present: Norway displays a case for revolutionary change, where the whole organisation of project funding has been reshaped with the merger of research councils, while France is a case for evolutionary change, where the transition from the organisation of the public research system based on direct funding of laboratories towards an higher-education based system with large project funding has not been achieved by disrupting the existing institutions, but by careful institutional engineering and changes of internal rules.
At the same time, imitation and transfer of models borrowed from other countries has taken place largely at the moment of the creation of new agencies (think of the diffusion of the research council model in the early post-war period) or of new instruments (think of the centres of excellence programmes), but also played a role in the restructuring of existing agencies and instruments (think of the French case). Models of change seem thus to be largely bound to characteristics of the national institutional framework (especially of the political system), as the extremely stable Swiss case clearly displays.
